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FOREWORD
The structural analysis of the F5-2 model was per-
formed under the NASA Apollo Contract NAS9-150.
This report was prepared by the Aero-Thermo
Model Structures Group, Los Angeles Division of

North American Aviation, Inc., under the direction
of C.B. McClain,
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ABSTRACT

This report covers the structural integrity of the Apollo FS-2 Force
Model to be run in the Ames Unitary Plan Wind Tunnel and also in the North
American Trisonic Wind Tunnel ‘

Loads for the calculations shown are based on the Ames Tunnel conditions,
starting or steady state, vhichever gives the most critical loasd for the
component in question. A summary sheet of Trisonic Tunnel margins of
safety is included in the report also.

All components show positive margins of safety based on a safety factor
of five on material ultimate; except the short (-k) tower. The tower base
légs bave a safety factor of 3.62 on the ultimate strength of the material
with full primary and secondary stresses combined.

The balance will be overloaded in starting at o = 0° unless the
normal elements are used to resist side loading (roll 90°)., When o = 90°
rolling moment will be the only overload consideration, again in starting.

All components not analyred in this report were comsidered not critical.

- iv -
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I. INTRODUCTION

This report presents a structural analysis of the 0. 105-scale Apollo
wind tunnel model (FS-2). Numerous configurations of the model are to be
tested in the Ames Unitary Plan 8- by 7-, 9~ by 7-, and 11- by 1ll-foot
wind tunnels, The ability of the most critical of these configurations to
withstand the loadings encounteredduringtest is analyzed herein. The load-
ings used are based on steady-state conditions in the Ames 11- by 11-foot
Unitary Plan Wind Tunnel. A summary table of margins of safety is also
provided in this report to cover the load conditions these models will be
subjected to in the North American Aviation, Inc., Trisonic Wind Tunnel
Facility.

Test conditions are covered in this report, and starting and steady-state
loading are investigated with the result that steady-state loading is critical
for the model components when at a 90-degree angle of attack., The tunnel
starting condition will be critical for the sting when at a 0-degree angle of
attack. Starting will also be critical for the balance when at 0 and 90
degrees angle of attack.

All components to be tested in the Ames Facilities have positive
margins of safety on a safety factor of 5 on material ultimate. The balance
elements will be loaded above rated value unless balance installations are
studied carefully.

These models are also to be tested in North American Aviation's
Trisonic Wind Tunnel. The basic tower (170 inch) will have a negative
margin of safety for that test unless starting angles of attack are kept below

20 degrees,

Components not analyzed in this report are concluded to be not critical,

SID 62-104
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I. INTRODUCTI
4o 45

This report presents a structural analysis of the .105 Scale
Apollo Wind Tunnel Model (FS-2)., Mumerous configurations of the model
are to be tested 1ntheAnesUnitaryPhn8:7, 9 x 7 and 11 x 11 foot
Wind Tunnels. The ability of the most critical of these configurations
to withstand the loadings encountered during test is anAlysed herein.
The loadings used are based on steady state conditions in the Ames
11 x 11 foot Unitary Plan Wind Tunnel.

A summary table of margins of safety is also provided herein to
cover the load conditions these models will be subjected to in the
North American Aviation, Inc., Trisonic Wind Tunnel Facility.

"lol-
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II SUMMARY

This report is & structural analysis of the most critical of
various configurations of the .105 Scale Apollo Wind Tunnel Force
Model (FsS-2).

Test conditicns sovered are for the Ames Unitary Plan 8 x 7,
9 x 7, and 11 x 11 foot Wind Tunnels. Starting and steady state
loading are investigated with the result that steady state loading
is critical for the model components when at an angle of attack of
ninety degrees. The tunnel starting condition will be critical for
the sting when at zero degree angle of attack. BStarting will also
be critical for the balance vhen at zero, and also ninety degrees,
angle of attack.

All components to be tested in the Ames Facilities have positive
margins of safety on a safety factor of five on material ultimate.
The balance elements will be loaded above rated value unless balance
installations are studied carefully.

These models are also to be tested in North American Aviation's
Trisonic Wind Tunnel at a later date. The basic tower (170-inch) will
have a negative margin of safety for that test unless starting angles
of attack are kept below twenty degrees.

Components not analyzed in this report are concluded to be not
critical.

-2ol"
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I, DISCUSSION

LAUNCH ESCAPE ROCKET MOTOR ASSEMBLY

Two escape rocketmotor configurations are to be tested. One is a
basic motor of cylindrical shape with a conical nose cone and a flared skirt
aft; the other one is a motor with the same conical nose cone as the basic
motor and a taper-sided shape (page A-3 of Appendix A), The taper is from
the nose cone to the same diameter at the base (aft) as the basic motor flare
skirt.

The alternate rocket motor shape is used for calculating loads on the
rocket-tower-command module configurations checked in Appendix A, For
critical section checks on the rocket motors, the basic motor is critical at
the intersection of the cylindrical side and the skirt flare (page A-3).

Bending and compressive stresses due to normal and drag loading
on the rocket are in the order of 3225 psi. When compared with a safety
factor of 5 on a material ultimate of 77, 000 psi, this gives a positive margin
of safety of 3, 76.

JETTISON ROCKET ASSEMBLY

As is the case with all the Apollo launch escape configurations, the
jettison rocket motor is not highly loaded. It is somewhat protected by the
tower structure when running at high angles of attack and is completely
blocked by the rocket motor when at low angles of attack; therefore, no
structural problem exists in the structure or attachment,

LAUNCH ESCAPE TOWER STRUCTURES

Four tower structures are designed for testandtwo are analyzedin this
report., The long (240 inch) and the one equivalent to the 170-inch full-scale
tower, The two short towers (120 and 80 inch) are adequate by comparison.

Leg sizes of the 240-inch and the 170-inch towers differ. The longer
tower has 3/8-inch-diameter legs, and the 170-inch tower is made with
5/16-inch-diameter legs. The web members on both towers are all 1/4-

inch rods.

SID 62-104
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[II DISCUSSION

Lsunch Escape Rocket Motor Assembly

Two configurations of escape rocket motors are to be tested.
One is a basic motor of cylindrical shape & conical nose come,
and a flared skirt aft. The other one is & r vith the same con-
ical nose cone as the basic motor and a taper sided shape, (A-3).
The taper is from the nose cone to the same diameter at the base
(aft) as the vasic motor flare skirt.

The alternate rocket motor shape is used for calculating
loads on the rocket-tower-command module configurations checked
in Appendix A. For critical section checks on the rocket motors,
the basic motor is critical at the intersection of the cylindrical
side and the skirt flare, (A-3).

Bending and compressive stresses, due to normal and drag
loading on the rocket are in the order of 3,225 psi. When com-
pared with a safety factor of five on a material ultimate of
77,000 psi, this gives a positive margin of safety of 3.T6.

Jettison Rocket Assembly

As is the case with all the Apollo launch escape configurations,
the jettison rocket motor is not highly loaded. It is somewhat pro-
tected by the tower structure when running at high augle of attack
and completely blocked by the rocket motor when at low angles of
attack; therefore, no structural problem exists in the structure
or attachment.

Launch Escape Tower Structures

Four tower structures are designed for test. Two of the four
are analyzed in this report. The long (240-inch) and the one equi-
valent to the 170-inch full scale tower. The two short towers (120-
inch and 80-inch) are adequate by comparison.

Leg sizes of the 2U0-inch and the 17O-inch towers differ. The
longer tower has three-eights inch diameter legs, and the 170-inch
tower 1s made with five-sixteenth inch diameter legs. The web
members on both towers are all one-quarter inch rods.

Construction and assembly of all members is by welding at the
jointe of the web members to the legs (A-4,12). All bays above the
base bay are tapered panel type with one diagonal in each of four
sidesn.

-3.1-
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IIT DISCUSSION (Cont)

The base bay is a bent frame with a double beam top and two single

rod knee braces in each of its four sides, Critical stresses occur
at the junction of the kneebrace to the leg, and at the base of the
legs where they join to the stiff rod attachment ends.

Combined compression, due to the over turning moment and side
swvay bending, induce stresses of 31,650 psi in the long tower and
70,000 psi in the 170-inch tower. The shorter tower is therefore
most critical,

For steady state loading condition at ninety degrees angle of
attack, the margin of safety for the above stress, when compared with
a safety factor of 5 on material ultimate, is a negative twenty-
eight percent. A true safety factor for the stresses shown is 3.62,
(A-15). The long tover has a positive margin of safety of fifty-
three percent for the ninety degree steady state loads, (A-9); which
are the highest encountered at the Ames PFacilities,

Command Module

Tower reactions are trensferred to the command module through a
pair of tower mounting blocks. These blocks attach directly to the
balance block into which the balance cavities are bored. The external
structure of the command module is of shell type and resists air loads.
only on itself, These loads are transmitted directly to the balance
block.,

Of significance stress wise, are the tower leg socket attachment
and tower mounting block attachment to the balance block (A-17,21)
and (Reference 9).

All margins of safety are one-lhundred percent or more on a
safety factor of five on material ultimate.

Sting

The sting is made in the form of a tapered, round bar, and 1is
machined from & 17-4 PH corrosive resistant steel forging.

When the model is at zero angle of attack loads on the sting are
a maximm during starting conditions. The critical section occurs at
the sting to tunnel adapter socket, (A-25,28). Side and normal loads
combine to caus> a stress of 37,400 psi in bending. Shear stresses
are in the order of 200 psi and can be neglected.

The Margin of Safety for a section at the thick part of the aft
socket taper is fifty percent positive,

- 3.2~
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All members are constructed and assembled by welding at the joints
of the web members to the legs (pages A-4 and A-12). All bays above the
base bay are tapered panel type with one diagonal in each of four sides.

The base bay is a bent frame with a double beam top and two single
rod knee braces in each of its four sides. Critical stresses occur at the
Jjunction of the kneebrace to the leg and at the base of the legs where they
join to the stiff rod attachment ends,

Combined compression due to the over turning moment and side-sway
bending induces stresses of 31, 650 psi in the long tower and 70, 000 psi in
the 170-inch tower. The shorter tower is, therefore, most critical. For
steady-state loading condition at 90 degrees angle of attack, the margin of
safety for these stresses, when compared with a safety factor of 5 on mate-
rial ultimate, is a negative 28 percent. A true safety factor for the stresses
shown is 3.62 (page A-15). The long tower has a positive margin of safety
of 53 percent for the 90-degree steady-state loads (page A-9), which are
the highest encountered at the Ames Facilities,

COMMAND MODULE

Tower reactions are transferred to the command module through a
pair of tower mounting blocks attached directly to the balance block into
which the balance cavities are bored. The external structure of the com-
mand module is of shell type and resists air loads only on itself, These
loads are transmitted directly to the balance block,

The tower leg socket attachment and tower mounting block attach-
ment to the balance block (pages A-17 and A-21) are significant in
considering stress (Reference 4).

All margins of safety are 100 percent or more on a safety factor of
5 on material ultimate.

STING

The sting is in the form of a tapered, round bar and is machined
from a 17-4 PH corrosive resistant steel forging.

When the model is at 0 degrees angle of attack, loads on the sting
are a maximum during starting conditions., The critical section occurs at
the sting to tunnel adapter socket (pages A-25 and A-28). Side and normal
loads combine to cause a stress of 37, 400 psi in bending. Shear stresses
are in order of 200 psi and can be neglected.

SiD 62-104
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IV MARGIN OF SAFETY TABLE

(AMES_TEST)
Page Component Type of Stress M.S8.
A3 -1 Rocket Bending 3.76
A.9 -6 Tower: Leg Comp. and Bending ¢53
A.10 -6 Tower Diameter Tension 1,17
A 11 -6 Tower Welds Shear b
A.15 -4 Tower Leg Comp. and Bending -.28
A.18 -3 Socket Weld Shear 1.10
A.19 «3 Socket Rod Bending 1.97
A.19 -3 Socket Screw Tension 3.1%
A.20 -3 Socket Rod Tension High
. A.20 -3 Socket Rod Shear High
A,.22 -5 Block Screws Tension 1.29
A.23 -5 Block Pins Shear 2.6k
A.30 Ames Sting Bending «50
A.31 Ames Balance Side load L S
A.32 Ames Balance Roll - 48en
Component TWI _TEST M.S. * True S.F.
-1 Rocket «79
-6 Tower Legs ‘ -.48 (1.56)
-6 Tower Welds .78
-6 Tower Diagonals -.28 (2.15)
-4 Tower Legs X = 500 Start -.T7 (.T14)
X = 200 Start
. -3 Socket - b7 (1.58
# Based on Safety Factor of 3 on Ult,
-4 -

SID 62-10k



NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

IV MARGIN OF SAFETY TABLE

Cont.

Balance
of =0%, TWP? Start, Task 2-3/k" Bal.

-6 Tower/Alt. Rockst
Element Rated loed Test Load
Pwd. Normal 3750 3688
M, Bide 1875 h30h
Chord 4200 6398

X =0°, TWT Start, Tesk 2-3/M" Bal.
«h Tower/Besic Rocket & Jettison Motor at Nose

va. Normal Bot Critical
™, Bide 1877 5k
Chord 4200 6398

oL =20°, TWT Start
-h Tower/Basic Rocket vith Jettisom Rocket at Nose

## Rolling Moment 8000 5339
** Pwd. Bide Nrce 1875 3406
Pwd. Normal 37%0 MT37
Chord - h20 6387

#% These hold for anyd (a fumction of model amgle to stimg angle
‘only, 20° used here).

4.2'
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at the thick part of the aft socket

The margins of safety for the Ames tests are presented in Table 1,

Table 1,

Ames Test Margins of Safety

. Appendix
Component Type of Stress Margin of Safety | Page No.
-1 Rocket Bending 3.76 A-3
-6 Tower leg Compression and bending 0.53 A-9
-6 Tower diameter | Tension 1.17 A-10
-6 Tower welds Shear 4.4 A-11
-4 Tower leg Compression and bending -0.28 A-15
-3 Socket weld Shear 1.10 A-18
-3 Socket rod Bending 1,97 A-19
-3 Socket screw Tension 3.14 A-19
-3 Socket rod Tension High A-20
-3 Socket rod Shear High A-20
-5 Block screws Tension 1.29 A-22
-5 Block pins Shear 2,64 A-23
Ames sting Bending 0.50 A-30
Ames balance Side load -0,34% A-31
Ames balance Roll -0.48%* A-32

*For any angle of attack and is a function of model angle to sting angle only
(20 degrees used here),

SID 62-104
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The Transonic Wind Tunnel margins of safety based on a safety factor
of 3 on the ultimate are presented in Table 2.

Table 2. TWT Test Margins of Safety

Component M.S. True Safety Factor
-1 Rocket 0.79
-6 Tower legs -0. 48 1.56
-6 Tower welds 0.78
-6 Tower diagonals -0.28 2.15
-4 Tower legs -0.77 0.714
a= 50 deg Start
a= 20 deg Start
-3 Socket -0, 47 1.58

ESTIMATED TWT LOADS

The estimated loads on the -6 tower and alternate rocket configuration
at 0 degrees angle of attack for TWT start using the Task 2-3/4-inch balance
are as follows:

Element Rated Load ‘ Test Load
Forward normal 3750 3888
Forward side 1875 4304
Chord 4200 6398

The estimated loads on the -4 tower with the basic rocket and jettison
motor at the nose at 0 degrees angle of attack for TWT start using the
Task 2-3/4-inch balance are as follows:

Element Rated Load Test Load
Forward normal Not critical
Forward side 1877 3454
Chord 4200 6398
-6 -

SID 62-104
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The estimated loads on the -4 tower with the basic rocket with the
nos

jettison rocket at the
as follows:

ose at 20 degrees angle of attack for TWT start are

Element Rated Load Test Load
*Rolling moment 8000 5339
*Forward side force 1875 3406

Forward normal 3750 4737
Chord 420 6387

*For any angle of attack and is a function of model
angle to sting angle only.

SID 62-104
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10.

11.

12.

13.

14.
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APPENDIX A

STRUCTURAL ANALYSIS

A-1
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NORTH AMERICAN AVIATION, INC. ' / SPACE and INFORMATION SYSTEMS DIVISION

APPENDIX B
|

MODIFICATIONS FOR DUAL BALANCE TEST

SID 62-104



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

REMARKS

This appendix presents a structural analysis of the components of the
FS-2 Apollo force model that have been modified or added for a dual balance
test. Testing will be conducted in the Ames Unitary Plan Wind Tunnel
facilities,

Two load conditions are studied: starting loads at 40 degrees angle of
attack and running loads at 50 degrees angle of attack. All components are
analyzed for the load condition that is most critical in each case., All
components have positive margins of safety for a safety factor of 5 on
material ultimate,

All drawings are NAA/S&ID drawn in July 1962 and are given in the
following listing,

7121-01077 Assembly and Details —Command Module
7121-01078 Details — Balance Blocks and Miscellaneous
7121-01079 Assembly and Details—Launch Escape Tower
7121-0108! Sting—Ames Wind Tunnel

7121-01086 Model Installation—Ames Unitary Tunnel
7121-01087 Assembly and Details Indexed Sting Joint
7121-01089 Assembly and Details Rocket Motors

Margins of safety for the components are as follows:

Page Component Type of Stress Margin of Safety
B-9 -4 Balance adaptor Bending High
B-12 -4 Tower leg support Shear 2.59
B-12 Leg Support pins Shear 2.50
B-13 Leg Support bolts Tension High
B-13 -7 Splice plate Bending 1.20
B-20 -9 Spacer pins Shear 1. 75
B-21 -9 Spacer bolts Tension 4, 84
B-26 -2 Support arm Bending 2. 07
B-28 -2 Pivot pins Shear 3.76
B-29 -2 Support bolts Tension 1. 16
B-32 -6 Sting adapter (C-C) Bending 3. 41
B-34 -6 Sting adaptor (D-D) Bending 1,45
B-35 Ames sting Bending 0. 46
B-2

SID 62-104




NORTH AMERICAN AVIATION, INC. (@ SPACE and INFORMATION SYSTEMS DIVISION
Wit @2 -/¢¥e
ENCCOSURE 2

LOADS, APOLLO — WIND TUNNEL MODEL

MODEL _HPOLLO £S-2  REQUIRED SAFETY FACTORS —
ALE . (05 5 ON ULTIMATE

S¢
TUNNEL P/ 7 - V€S —Z __ ON YIELD

TEMP. NOTES. -
MACH NO._- 7 70 3.5 (1)-LOADS GIVEN IN POUNDS. DIMS.
ZC < J; QA< IN INCHES, (MODEL SCALE ).

|
N I

STEADY STATE LOADS —[F

TRANSIENT LoADS —[]

TOTAL CONFIGURATION LOADS:

LOADS ON COMPONENT':

STA.0.00
T L('r

XNep =
/9244
/V.
STA.0.00 .
/ -— = 346

N

’-——ch =/0- ¢26




NORTH AMERICAN AVIATION, INC. | (4| “PACK und INFORMATION SYSTEMS DIVISION
N W7e -62-rée
ENCCOSUCE 2 ~ CON' 7™

LOADS, APOLLO — WIND TUNNEL MODEL
REQUIRED SAFETY FACTORS. —

MODEL S rPocco <5 -2
SCALE __. 705 5 ON ULTIMATE
TUNNEL 2w Z - F17€S T F__ ON YIELD
TEMP NOTES. ~

MACH NO. . 7 70 3.5 (1)-LOADS GIVEN IN POUNDS. DIMS.
? = 5;_‘00 25~ IN INCHES, (MODEL SCALE ).

STEADY STATE LOADS —[x]
TRANSIENT LoAaps —(]

TOTAL CONFIGURATION LOADS:
00 e
21A.0 :
= Pro | [E}-
sTa0de @) |
. - = 730

Xc,o:'_._/é’ |

LOADS ON COMPONENTS:
STA.0.00 STA.0.00
| i

et = L 5O

IO EE

T X<p L
E%gAR;SB BY |APPROVED BY | DATE
L_, / »

SHEET / OF

SN -1019




NORTH AMERICAN AVIATION, INC. /(@ SPACE and INFORMATION SYSTEMS DIVISION
A W7C ~ G2 ~ /R0
e oswes 3

OADS, APOLLO — WIND TUNNEL MODEL

MODEL _742<cO £S5-£  REQUIRED SAFETY FACTORS —

SCALE ___.co05 5 ON ULTIMATE
TUNNEL _oPed7 - 70755 3__ ON YIELD
TEMP, NOTES -

MACH NO. . Z 70 3.5 (1)-LOADS GIVEN IN POUNDS. DIMS.
F L2 £ 208 ~3s ) IN INCHES, (MODEL SCALE ).
oC = -

STEADY STATE LOADS —L)
TRANSIENT LOADS —I[X]

TOTAL CONFIGURATION LOADS:

m_&p_o/@x | <

. ‘\l
Xep =
N=ET (F.2#F
S=/77 /V"/éZ

5_ z277

0\/\1-[’— CO=FS7
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NORTH AME RICAN AVIATION, INC. K<@ SPACE and INFORMATION SYSTEMS DIVISION
N Wre ~o2 - (¢
LNCLCOSTULE 3 ~ o7

LOADS, APOLLO — WIND TUNNEL MODEL

MODEL /5Pocco ~5-2 REQUIRED SAFETY FACTORS. —

SCALE <95~ 5 ON ULTIMATE

TUNNEL ol 7 - Fa2€S 3 ON YIELD

TEMP. NOTES

MACH NO._. = 70 3.5 (/)-LOADS GIVEN IN POUNDS. DIMS.

F: L2245 £208 Rse IN INCHES, (MODEL SCALE ).

oC = 20° < . 2)-

STEADY STATE LOADS —[)

TRANSIENT L0ADS —(X]

TOTAL CONFIGURATION LOADS:

STA.0.00 |
NP6 ‘ | @-‘
§TA.&0; /@*\ l
4@]{ . q-ll/m‘ - e 6:252
/*/C'P = 02#"—*
LOADS ON COMPONENTS:
STA.0.00 STA.0.00
B cze A
e - U/
N 9L 12288
N=27F
$TA.0.00 [
—e— — =326
e — Xgp =0, Lo
B-6 SHEET 7  OF

SID 62-104




NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
W7E -6l -/¥Fo

LCCOSURE 7 ~COAMN7T

LOADS, APOLLO — WIND TUNNEL MODEL |

MODEL _FrPocco ~5°Z REQUIRED SAFETY FACTORS —

SC. . O3 5 ON ULTIMATE

TUNNEL ¢ Ped7 ~Zr7€S _Z ___ ONYIELD

TEMP. NOTES —

MACH NO. - Z 70 3.5 (/)-LOADS GIVEN IN POUNDS. DIMS.
z _Z z;&; £ 208 AS7 IN INCHES, (MODEL SCALE ).

oC = -

STEADY STATE LOADS —L)
TRANSIENT LOADS —0q

TOTAL CONFIGURATI ADS:
00
STA.Q I

N=-369 | | 5

e @) ||

<&k

‘::\

Aep = O2F
LOADS ON COMPONENTS:

/43

- Xep = /0726

SID A2-104
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ABSTRACT

This Appendix presents a structural analysis of the
components of the FS-2 Apollo Force Model that have
been modified or added to update the model to the
latest configuration. Testing will be conducted in the
Ames Unitary Plan Wind Tunnel.

The analysis of new or modified components is
presented in full. Components that are not modified
are analyzed by a comparative analysis for a
90-degree a at 540 q.
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